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We report a resonant inelastic x-ray scatteriR§XS) study of the doping dependence of charge-transfer
excitations in La,SrCuQ,. The momentum dependence of these charge excitations are studied over the
whole Brillouin zone in underdopek=0.05 and optimally dopedx=0.17 samples, and compared with that
of the undopedx=0) sample. We observe a large change in the RIXS spectra betweerr thandx=0.17
samples, while the RIXS spectra of txe0.05 sample are similar to that of the=0 sample. The most
prominent effect of doped holes on the charge excitation spectra is the appearance of a continuum of intensity,
which exhibits strong momentum dependence below 2 eV. Forlel7 sample, some of the spectral weight
from the lowest-lying charge-transfer excitation of the undoped compound is transferred to the continuum
intensity below the gap, in agreement with earlier optical studies. However, the higher-energy charge-transfer
excitation carries significant spectral weight even for #%0.17 sample. The doping dependence of the
dispersion of this charge-transfer excitation is also discussed and compared with recent theoretical calculations.
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I. INTRODUCTION tions. The resonant inelastic x-ray scatterifi®JXS) tech-

One of the central questions in the study of correlateddue in the hard x-ray regime has drawn interest in recent
electron systems is how the various types of electronic exciyears, because it can provide just such momentum-dependent
tations evolve as charge carriers are doped into Mott insuldnformation for charge excitatiorls™* In addition, since the
tors. Most notably, the essential physics of the cuprate supepenetration depth of hard x rays is several microns, RIXS is
conductors is generally regarded as that of a doped Mo# bulk probe and can also accomodate magnetic fields and
insulator in two dimensions. For the spin degrees of freedorm)igh pressures. Although RIXS probes valence electronic ex-
magnetic neutron scattering has allowed the exploration of &itations, it has the additional benefit of element specificity,
large part of the phase space, and a detailed description #fhich is often associated only with core-level spec-
the doping dependence of the spin excitations now exists fdfoscopies. Recently, we have reported the observation of
many cuprate compounds. In particular, the incommensuraf@o-dimensional (2D) CT excitations in insulating
magnetic excitations in La-based cuprates are well knbin. La;CuQ,,'* which is the parent compound of hole-doped
On the other hand, the situation for charge degrees of fred-2SKLCUQ, (LSCO). In La,CuQ,, the lowest-energy exci-
dom is different. Although angle-resolved photoemissiontation has a gap energy of 2.2 eV at the zone center and
spectroscopy(ARPES has provided a large amount of €xhibits a largg1 eV) dispersion. A second feature shows a
momentum-dependent information on the dispersion of g@maller dispersion0.5 eV) with a zone-center energy of
single quasiparticlé collective charge excitations at nonzero 3.9 eV. It was argued that these are both highly dispersive
momentum transfer are much less understood. This is due #xcitonlike modes, strongly damped by the presence of the
large part to the lack of a suitable experimental probe, exceptlectron-hole continuum. An alternative description of the
for electron energy loss spectroscqBELS), which suffers  observed spectra has recently been proposed by Nomura and
from multiple-scattering effects at large momentum transferslgarashit? They attributed the observed two-peak feature to
On the other hand, at the zone center, there exist extensiibe fine structure of the Cud3partial density of states mixed
optical spectroscopy studies of the doping dependence of theith the O 2 band.
electronic excitation spectrum. For example, as holes are In order to address the question of how these dispersive
doped into LaCuQ,, Uchida and co-worke?sobserved that charge excitations evolve as the system becomes metallic via
the spectral weight is transferred from the charge-transfehole doping, we have carried out RIXS experiments on a
(CT) excitation to low-energy excitations. The latter is com-lightly doped (x=0.05 sample and an optimally doped
posed of a Drude peak and a broad continuum in the midingx=0.17 sample. As expected from the doping evolution of
frared (MIR) range, which has yet to be understdod. optical spectrd we observe the transfer of spectral weight

For a better understanding of the MIR band and otheffrom the lowest-lying CT exciton mode to a continuum at
collective electronic excitations, it is necessary to also obtaifow energies. We also observe that there remains a significant
information on the momentum dependence of these excitaspectral weight in the CT-like features around 4 eV, even in
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the x=0.17 sample. However, the onset energy of the CT RN I
excitation shifts to higher energy, and the low-energy CT 8o @ I () 2 3
exciton mode observed in the undoped sample seems to dis- 9003“?’5? gw] =
appear in the optimally doped sample. 900155 %wagﬁﬁm 2
This paper is organized as follows. In the next section, we N S %ﬁnﬂ] 1 &
describe the experimental configurations used in the mea- 3 8999 Wé&)f‘%—s 55 901
surements, as well as the incident energy dependence of the :'208997;9 WP € G E; (keV)
RIXS spectra. The temperature and momentum dependences 4~ ' & ° TF AT Egoor ev4
are discussed in Secs. Il A and Il B, respectively. Our main 3 8995|587 W — % 1. ~
. Q L 4 —3 =
results—the doping dependence of the low-energy charge & 8993l 595@%% ] 3 I
excitations—are presented in Sec. Il C. Finally, we discuss B @D'fq’é % {2 &
unresolved issues and possible future experiments in Sec. IV. 8991 o AB o 2
C o o =9020 eV
Il. EXPERIMENTAL DETAILS 8989@' P I N P P N Y )
3 0 3 6 9 12220 2 4 6 8
The experiments were carried out at the Advanced Photon Energy Loss (eV) Energy Loss (eV)

Source on the undulator beamline 9ID-B. A double-bounce _ . .
Si(111) monochromator and a @33 channel-cut secondary ~ FIG. 1. (8) The RIXS intensity of thec=0.17 sample is plotted
monochromator were utilized. A sphericél m radius, as a_fur_lctlon of energy loss to show |_nC|dent-energy dependence.
diced G&733) analyzer was used to obtain an overall energy)T(he 'nck')demt_e“ergyE{) of eaCh_t Scznb'sﬂde”med on thel(;q?
resolution of 0.4 e\ffull width at half maximum(FWHM)]. “ray absorption spectium monitored by TIUOTescence yield. Arrows
. . : denote the peak positions, where resonant enhancements are ob-

Our choice of the LSCO system was based on its simple din the inelasti i@ C . ; di

laver structure and the fact that one can obtain Iargs.erve in the inelastic scattering) Comparison of scattered inten-
”.‘0“0 y . . . glty at two different incident energies. At resonangg; 8991 eV,
single crystals.overaW|de range.of doping levels, which has 4 far from resonanceE;=9020 eV. Data were taken D
enabled detailed characterization of all parts of thez(1 00.
temperature-concentration phase diagtdmlthough poor

surface quality has limited ARPES study of these samples, a

recent series of experiments by Ino and co-workers have pr&9 compare the current data with those of the undoped

vided a considerable amount of information about thesamplel,l this excitation is labeled\B. The second feature,

valence-band electronic structufe?’® Floating-zone grown labeledC, occurs around 8 eV and shows a markedly differ-

single crystals of La,Sr,CuQ, with x=0.17 andx=0.05 ent resonance behavior, peakingkat=8997 eV. Note that

were used in our measurements. The as-grown samples Wetpeese two resonance energies correspond to peaks in the

carefully annealed to remove excess oxygen. Their transpo -r?y akzjs%rptmn s_{)eptr[ag]owf? in Fig. 1b)). Th|ﬁjlatt(athas
properties were reported previousfyThe x=0.17 sample obtane tylmotm or{/r:/g p % t#otrfﬁ_cence yie Irl; he ;arrf1e
hasT.~42 K, while thex=0.05 sample remains insulating SXPEMMeNtal Sewp. e find that this resonance benavior for

down to low temperatures. Th@00 plane of thex=0.17 the x=0.17 sample i:.; almost idemi(.:al to that of “”dopf’d
crystal and the(llpO) plane of g]exg)o%s crystal were cut La,CuQ, as reported in Ref. 11. Similar resonance behavior
and polished for the x-ray measurements. Throughout thid'as als_o observed for:_0.05(not showr).. .
paper, we use the tetragonal notation, with #ifie direction In F'g'. 1(©), the Ei-89_91_ev scan is compared with
coinciding with the Cu-O-Cu bond direction. The scatteringt_hat obtamgd with an . incident photon energy &
plane was vertical and the polarization of the incident x ray_g_020 ev—ie., much higher than the resonance energy.
was kept along the direction—that is, perpendicular to the This latter scan has little or no resonant enhancement and
copper-oxygen plane. The=0.17 sample was mounted on a represents, in some sense, the background scattering. From

closed-cycle refrigerator for the low-temperature measure.t—hIS comparison, one sees that there is significant resonant

ments, while thex=0.05 sample was mounted on a room- inelastic scattering down to 1 eV and lower. This resonant

temperature aluminum sample holder, which was evacuatei elastic scattering is the subject of this paper. In the rest of

to reduce the background from air scattering this paper, the incident energy is held fixed either at 8991 eV
In Fig. 1(a), we plot the incident energfE;) dependence or at 8997 eV, depending on the specific excitation being

of the RIXS intensity for thex=0.17 sample as a function of proped. We can then study the temperatl.Jre., mo’.“e”t“m’ and

energy loss(w=E;~E,) at a fixed momentum transfer of doping dependence of these charge excitations in LSCO.

Q=(100. These data were taken at room temperature. The

incident energy of each scan is denoted on the vertical axis. Ill. EXPERIMENTAL RESULTS
Since theQ=(1 0 0 position is a forbidden Bragg peak po-
sition, the elastic scattering intenisfiye., at w=0) is rela-
tively small, enabling us to study the low-energy excitations In Fig. 2, representative RIXS scans, taken at variQus
in detail, even at the zone center. Two resonant features apositions for thex=0.17 sample, are plotted as a function of
observed in Fig. ). As the incident energy is varied . Here we have fixed the incident energy to 8991 eV, so
through E;=8991 eV, the low-energy feature around 3 eV that we can probe excitatioAB. The out-of-plane compo-
shows a large resonant enhancement in the intensity. In ordeent of the momentum transfer is held constart=a0, and

A. Temperature dependence
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FIG. 3. Dispersion of the excitations measuredratl5 K for
LSCO (x=0.17). The top and bottom panels correspond to the low-
energy(AB) and high-energyC) excitations shown in Figs. 2 and
4, respectively.

Energy Loss (eV)

. . _ _ plotted in the lower panel of Fig. 3, where the same notation
of energy 1055 at vatious momentum tranders, Scans are shindg" Q 3 thatin Fig. 2 has been used. This excitation has a
. . . ' Irect gap of~3.7 eV, that is, the minimum energy position
vertically for clarity. Open and solid symbols are data take at . L .
=15 K and atT=300 K, respectively. Schematic reciprocal space's. the zone center, and the eXC|tat.|0n disperses towards
diagram is shown on top. Th@ positions where data were col- higher energy at the zone boundary4 eV at_(w 0), _and .
lected are denoted as circles. ~4.7 eV at(w 7). One should note that the dispersion dis-
plays significant anisotropy, which is also evident in the
zone-boundary dispersion fro2.5 0.5 to (2.5 0. Such a
OIhighly dispersive excitatioB is reminiscent of the results
obtained for LaCuQ, and, in both samples, originates from a
particle-hole pair excitation across the CT gap. However,

In the left p‘f"“e"q Is along the(?.o) direction, With (1 0) there are some differences between the spectra of the two
and (2 0) being zone-center positions. In the right pamel,  g55h165 which will be discussed in the next section.

along the(nr ) direction as well as along the zone boundary \yjje excitationAB is resonantly enhanced for incident

is shown. These positions are denoted as open symbols in ﬂb?loton energies arourie =8991 eV, excitatiorC resonates

reciprocal space diagram shown on top of Fig. 2, in whichy 5 nqE =8997 eV, as discussed above. It is believed to
the Brillouin zone boundaries are drawn as dashed lines.

) X arise from the energy splitting between the bonding and an-
Let us first consider the temperature dependence. We Usgonding molecular orbitalgMO’s) of the Cu-O bond. The
solid and open symbols in Fig. 2 to denote data taken gbpseryed spectra taken at this incident photon energy at vari-
T=300 K andT=15 K, respectively. Clearly, there is litle ;5 momentum transfers are shown in Fig. 4, with the same

Ch"’.‘”G? in the RIXS spectr_a-betW(_aen the two temperatureqyation forQ as in Fig. 2. ExcitatiorC is intrinsically very
which is perhaps not surprising, given that the energy Scalﬁroad, when compared to the energy resolutown as the
probed in t_he%e measurements is very large compared 10 thefashed ling We have therefore fitted each scan to a single
mal energies? As the system is cooled down from r00m | grentzian peak and obtained the peak position as a function
temperature, the only notable change is the reduced quasit . This is plotted in the upper panel of Fig. 3. One can
elastic tail, which has a large contribution from phonons. ey dentify the finite bandwidth of excitatio: the dif-
This effect is most clearly seen at 2.1 0.) position,  ference between the excitation energy measured 8} and
which is close to thg2 0 0 Bragg peak position. This lack (1 5 ¢ js about~0.5 eV. It is interesting to note that this

of observable temperature dependence in the charge exCitgsayre has a minimum energy at the zone boundary, either at
tion spectra justifies our later discussion, in which we COM~(1- 0) or (). That is, excitationC has an indirect gap.
pare data taken at different temperatures directly. Previously, we have reported that the excitation energy be-
tween the bonding MO and antibonding MO exhibits a sys-
tematic dependence on the Cu-O bond lerfgtiSince a
shorter bond length results in stronger Cdighd O 2 hy-

The scans shown in Fig. 2 exhibit quite a large dispersiorbridization, we expect the bonding-antibonding splitting to
along the (7 ) direction, while the dispersion along the grow larger as the doping increases and the bond length de-
(7 0) direction is smaller. We have fitted each scan to acreases. Specifically, we observe a larger enérgfy eV) for
Lorentzian peak with a sloping background, to obtain theexcitation C in LSCO (x=0.17 than in thex=0 sample,
peak position as a function of momentum transfer. This isvhere an energy of-7.3 eV was observetl. We attribute

Q is denoted for each scan &4 K). To note momentum
transfer within a single Brillouin zone, we use the reduce
wavevectorg=Q-G, whereG is a reciprocal lattice vector.

B. Momentum dependence
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FIG. 4. RIXS intensity of LSCO obtained at vario@swith the FIG. 5. Comparison of RIXS spectra at selected momenta for

incident energy fixed o, =8997 eV. Data are offset vertically for 1€*=0, x=0.05, andx=0.17 samples of La,Sr,CuO,. The (0 0)

clarity. The dashed line is the intensity of the elastic scattering?d (7 0) data are shifted for clarity. The up and down arrows
scaled to show the experimental energy resolution. denote the onset energy of the spectra for xhe.17 andx=0

samples, respectively.

this to the shorter Cu-O bond length in the0.17 sample.
g P contribution. However, there is a difference between the dop-

ing dependence of the optical conductivity and the RIXS
spectra, especially at low doping. In the optical conductivity
This section reports the main result of this paper. In Fig.data of Ref. 5, the gap is filled even at low doping »of
5, the RIXS spectra of the=0,x=0.05, andk=0.17 samples =0.02 andx=0.06. For example, fox=0.02, the conductiv-
are compared at three high-symmetyy positions: (0 0), ity around~1 eV grows quickly to about 60% of the value
(7 0), and (7 ). The data for thex=0 sample were previ- for x=0.15. On the other hand, although limited in its scope,
ously reported in Ref. 11. The absolu@ positions are the RIXS data in Fig. 5 suggest very little change between
(100, (2.500, and(2.5 0.5 Q, from top to bottom for the thex=0 andx=0.05 samples, while the higher doping results
x=0 andx=0.17 samples. For the=0.05 sample, th&)  are consistent with the optical data. However, one should be
positions correspond t2 1 0, (2 1.5 0, and(1.5 1.5 9, cautious in overinterpreting this data, since the relatively
respectively, since the surface of this sample was cut perpeipoor signal-to-noise ratio of the RIXS technique makes it
dicular to the[1 1 Q] direction. In order to normalize the less sensitive to small changes in spectral weight, when com-
intensity between different samples and between the spectgared to optical conductivity. In addition, our sample geom-
obtained at different momentum transfers, we monitored thetry prevented us from obtaining clegm (0 0) data for the
fluorescence yield by measuring thed§ emission line at x=0.05 sample.
E;=8973 eV. The fluorescence yield was taken to be a mea- Forx=0.17, we clearly observe a filling of the gap in the
sure of the volume of the sample being probed and anyRIXS data, consistent with the behavior of the optical con-
changes in this were used as normalization factors to scakuctivity. Figure 1c) shows that this gap-filling intensity is
the associated inelastic spectra. For this purposeq at much larger than the background level. We note that the
=(0 0) for the x=0 andx=0.17 samples, full emission spec- momentum dependence of the continuum intensity is quite
tra were measured and used for the normalization purpossfrong. The gap-filling intensity in the region af<2 eV is
while for the other scans shown in Fig. 5, the intensity at thesignificant at(0 0) and at(+ 0), while this gap-filling inten-
tail of K B5 (E;~8981 eV} was used instead. Note that the sity becomes very small dtr 7). The possible origins of
(0 0) data forx=0.05 show a large low-energy background such momentum-dependent continuum excitations will be
intensity from the elastic tail, sinc€ 1 0) is close to the discussed in the next section.
allowed (2 1 1) Bragg reflection. For all doping levels, excitatioAB is observed between 2
On a qualitative level, one can compare tire(0 0) data and 5 eV. For a quantitative analysis of this scattering, we
in Fig. 5 with the optical conductivity data shown in Fig. 7 of focus on the doping dependence of two quantities: the peak
Ref. 5. As LaCuQ, is doped with holes, the system becomesposition and the onset energy of the spectral features. The
metallic and the insulating gap of the excitation spectrum idirst quantity can be straightforwardly determined by fitting
filled with spectral intensity, arising from the free-carrier the observed spectra to either one or two Lorentzian peaks.

C. Doping dependence
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5 : One can see that the onset energies also exhibit some disper-

s § ’ é é ] sion, albeit smaller than that of the peak positions.
o é 7 ) i Upon hole doping, the onset of excitatidkB shifts to
T 4 §§§ %_jt higher energy, with much smaller dispersion than that ob-
§ 4 served for the undoped sample. ExcitatidB itself becomes
g 35 % E . broader and shows still sizable dispersion, especially along
%’* 3 fq % ] the (0 0)-(7r ) direction. However, the relatively sharp and
& §§ i well-defined excitonlike feature(A), observed around

2.5% @ § % 3 2-3 eV forx=0, is no longer visible in th&=0.17 sample.

o x=0 ¢

Since the doped charge carriers screen the Coulomb interac-
x x=0.05 tion more effectively, it is reasonable to expect that the Cou-
3 ® x=0.7 lomb interaction is no longer strong enough to create even
the remnant of the exciton seenxat0. Then the excitation

AB observed fox=0.17 could be interpreted as a remainder
of the higher-energyB) feature in thex=0 sample, though

the width is broader than that of the undoped sample.

In our previous RIXS study of the undoped sample, we
were not able to identify the nature of the higher-energy
featureB. Two possibilities were suggested: One possibility
is that it is also an excitonlike mode, but with a different
(b » ®0) @n ©0) symmetry. The second possibility is that feat@econsists
mainly of interband transitions from the valence band to con-
duction band. Given that the screening presumably prevents

FIG. 6. Comparison of the dispersion relation of the low-energythe low-energy exciton moded) from binding, our current
charge excitation between the J g5r,CuQ, samples. The top pan- 0observation of the CT feature seems to support the interband
els show the dispersion of peak positions and the bottom panelgansition scenario. This interpretation is also consistent with
show the dispersion of onset energies, as described in the text. the shift of onset energy with hole doping. Since the chemi-

cal potential now lies below the top of the valence band, a
In Ref. 11, thex=0 data were fitted with two peaks, the larger onset energy is required to excite a valence electron to
dispersion of which is reproduced as open circles in Fig. 6the conduction band. This behavior of excitatidB is con-
Note that the spectral weight of the low-energy peak besistent with the cluster calculation carried out by Tsutsiui
comes anomalously small around the =), leaving only a  al.?? In fact, if one takes the dispersion of the onset energy,
single peak around 4.5 eV. Our attempt to fit ¥¥0.17 data  instead of the center of gravity from Refs. 22 and 23, quan-
with two peaks was unsuccessful, and we have therefore fititative agreements are obtained between these calculations
ted the spectra with a single Lorentzian with broad width, theand the RIXS results. However, this agreement could be for-
peak position of which is plotted as solid circles in Fig. 6. tuitous, as discussed in the next section.
We also have plotted a limited number of data points for the

Onset energy (eV)

Reduced wave vector

x=0.05 samplg(crosse}s As one can see in Fig. 6, th_e ob- IV. DISCUSSION
served excitation of the=0.17 data more or less falls in the
energy range of the higher-energy excitation of the0 There are three main differences observed in our RIXS

sample, which was labelgdlin Ref. 11. A possible descrip- study of LSCO(x=0.17 andk=0.05, when compared to the
tion of this scattering, then, is that excitatiéndisappears RIXS spectra of undoped L&uQ,. These argi) the appear-
while excitation B survives, as holes are doped into ance of the continuum intensitgi) changes in the dispersion
La,CuQ,. and energy scale of excitatigkB, and(iii ) the shift of exci-
The onset energy of the spectral features, in contrast to thi@tion C, which is identified as MO excitation. While the
peak position, cannot be determined unambiguously, sincerigin of (iii ) is believed to be mainly structural, the first two
this requires a precise knowledge of the background and thare results of charge carrier doping.
lineshape of the spectral feature. Therefore, we have at- Among these, the low-energy continuum intensity, which
tempted to determine this quantity consistently in the follow-fills the insulating gap, is straightforward to understand.
ing way. For thex=0.17 sample, the gap-filling intensity at Similar behavior has been observed with other spec-
low energy is regarded as a constant, and the tail of th&oscopies, such as Raman scattefingand optical
spectral feature is fitted to a linear line. The crossing point otonductivity’> The gap-filling intensity is believed to arise
these two linear extrapolations is taken as the onset energlyom the incoherent creation of particle-hole pairs near the
For thex=0 andx=0.05 samples, the minimum intensity is Fermi surface—that is, an intraband transition across the
used instead of the constant continuum intensity as a badeermi level. The momentum dependence of this gap-filling
line, and a similar linear extrapolation was used to determinéntensity, however, is difficult to understand. Specifically, the
the onset energy. The onset energies determined in this wagap-filling intensity at(7 ) is very small compared to that
are noted in Fig. Karrowg and are plotted in Fig. 6 as a at zone center, as shown in Fig. 5. In their study of
function of momentum transfer for different doping levels. the density-density correlation function of thiel model,
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Tohyama and co-workers also observed similar anisotropielectron-doped systems, such as,@eCuQO,. However,
momentum dependence of the low-energy spectral wébght. one should note that, even at optimal doping, LSCO exhibits
One possible source of such anisotropy is the effect of thetrong antiferromagnetic fluctuations with a correlation
Fermi surface topology on intraband transitions. When translength of 2—3 lattice constanté.In fact, in underdoped
ferring small momenta and energy, the transition probabilit SCO systems, static magnetic ordstripeg has been ob-
of such an intraband transition can be quite large, since thesserved at low temperatures, which implies that antiferromag-
transitions involve particle and holes in the same region ofietic correlations in the hole-doped system are not negli-
momentum space. However, in order to transfer large mogible. Thus, if such correlations do play a role in the
menta, the particle and hole should come from different Bril-dispersion of the charge excitations, as suggested in Ref. 22,
louin zones. In this case, the shape of Fermi surface becom#en the dispersion in LSCO would be expected to be closer
important, and the transition probability can become veryto the undoped case.
small. Such an effect could give rise to the momentum de- To summarize, we have carried out a resonant inelastic
pendence of the very-low-energy spectral weight in LSCOX-ray scattering investigation of the doping dependence of
However, it is not clear if this effect can account for the charge excitations in LSCO. We observe a large change in
observed momentum dependence of the continuum intensitiie RIXS spectra between the=0 andx=0.17 samples,
aroundw~ 1 eV. More measurements with improved energywhile the RIXS spectra of th&=0.05 sample is similar to
resolution are necessary to understand the momentum depdhat of thex=0 sample. The most prominent effect of the
dence of the continuum intensity. doped holes is the appearance of a continuum of intensity
Next, we note that the change in tA® feature is a result below 2 eV, which exhibits a strong momentum dependence.
of two distinct phenomena. The first is the shift of chemicalFor x=0.17, some of the spectral weight from the charge-
potential, which results in the shift of thaB feature to transfer excitation of the undoped compound is transferred to
higher energy. The other is the disappearance of the lowdhe continuum intensity below the gap, which is consistent
energy CT exciton modémode A), presumably due to in- with what has been observed in optical studies. However, the
creased charge-carrier screening and to the increased numisemainder of the charge-transfer excitation carries significant
of decay channels. Although our heuristic descriptions in thespectral weight even for the=0.17 sample. The observed
previous section provide reasonable accounts of these obsegloping dependence of the dispersion of charge-transfer exci-
vations, a few questions still remain even on the qualitativgations seems to be broadly consistent with recent theoretical
level. calculations??
One issue is the momentum dependence of the onset en-
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